Secondary particles formed via new particle formation (NPF) dominate cloud 13 condensation nuclei (CCN) abundance in most parts of the troposphere and are important for 14 aerosol indirect radiative forcing (IRF). Laboratory measurements have shown that certain 15 organic compounds can significantly enhance binary nucleation of sulfuric acid and H 2 O. 16 According to our recent study comparing particle size distributions measured in nine forest areas 17 in North America with those predicted by a global size-resolved aerosol model, current H 2 SO 4 -
A number of laboratory chamber studies indicate that certain organic species can 48 significantly enhance NPF (e.g., Zhang et al., 2004; Riccobono et al., 2014) . This finding may 49 have important implications for the interactions of anthropogenic and biogenic emissions and the 50 associated climate forcing. To this regard, it is necessary to assess the ability of organics-51 enhanced nucleation to explain nucleation phenomena observed in the atmosphere and to 52 determine the contribution of organics to atmospheric NPF and climate implications. In several 53 laboratory studies, empirical parameterization of formation rate as a function of the 54 concentrations of sulfuric acid and low-volatility highly oxidized organics has been derived 55 (Metzger et al., 2010; Riccobono et al., 2014) . One of the most important limitations of these 56 5 Based on the CLOUD chamber study of nucleation process involving sulfuric acid and 79 organic compounds of relatively low volatility from the oxidation of pinanediol, Riccobono et al. 80 (2014) derived the following organics-mediated nucleation parameterization (Nucl-Org), 81 J Nucl-Org =k m ×[H 2 SO 4 ] 2 × [BioOxOrg] (1) 82 where J Nucl-Org is the formation rate (# cm -3 s -1 ) of particles of ~ 1.7 nm, k m is the fitting pre-factor 83 with a value of 3.27×10 −21 cm 6 s −1 (90% confidence interval: 1.73×10 −21 to 6.15×10 −21 cm 6 s −1 ), where ΔG is the Gibbs free energy needed to form the critical cluster and C 1 is the pre-factor.
102
With ΔG = ΔH -T ΔS, where ΔH and ΔS are associated enthalpy and entropy change, we get
The temperature dependence of nucleation rate is dominated by the exponential term in Eq.
105
(3), although C 2 may also weakly depend on temperature. Assuming that C 2 is independent of 106 temperature and using J Nucl-Org given in Eq.
(1) as the nucleation rate at the reference temperature
where f T is the correction factor accounting for the temperature dependence.
111
One challenge here is to obtain enthalpy change (ΔH) associated with the critical cluster 112 formation because it is quite difficult to determine the chemical identities of BioOxOrg 113 molecules involved in atmospheric nucleation (Elm et al, 2014; Riccobono et al., 2014) . As a 114 first order approximation, we use 2-Methyl-5-[(1S,2S,3R)-1,2,3,4-tetrahydroxybutyl]-3-furoic 115 acid, a select highly oxidized organic C 10 H 14 O 7 compound, as a proxy for BioOxOrg molecules.
116
The stability of the cluster composed of two H 2 SO 4 and one C 10 H 14 O 7 molecules has been 117 investigated using the Density Functional theory (DFT) at PW91PW91/6-311++G(3df,3pd) level.
118
The PW91PW91 is the most common density functional used in atmospheric studies that 119 predicts structure, vibrational spectrums, dipolar properties and thermodynamics of atmospheric 120 molecules and molecular clusters with high degree of confidence and its predictions, which have 121 been systematically validated against experimental and higher level ab initio Gibbs free energies, 122 are in a very good agreement with them for a number of atmospherically relevant molecules and 123 7 clusters (e.g. Herb et al., 2013 , Elm et al., 2013 , Nadykto et al., 2015 DePalma et al., 2015) .
124
Computations have been carried out using the Gaussian 09 suite of programs (Frish et al., 2009 ).
125 Figure 1 presents the equilibrium geometry of the most stable isomers of heteromolecular 126 trimer composed of (C 10 H 14 O 7 )(H 2 SO 4 ) 2 and Table 1 
175
The main difference between the present study and the previous one reported by Yu et al.
176
(2015) is that the present study employs the T-dependent Nucl-Org parameterization given in Eq. 
187
(2014) (i.e., Eq. 1), significant organics-mediated nucleation (Fig. 3a) and higher particle number 188 concentrations ( Figs. 3c and 3e ). However, the high temperature in the summer substantially 189 lower nucleation rates (Fig. 3b) , and reduce the global monthly mean nucleation rate in the 190 boundary layer from 0.17 cm -3 s -1 (Fig. 3a) to 0.02 cm -3 s -1 , with stronger effect in the northern 191 10 hemisphere (Fig. 3b) . As a result, the global monthly mean CN10 and CCN0.4 in the boundary 192 layer decrease by 40% and 30%, respectively.
193
A ΔH value of -38.3 kcal mol -1 was used in calculating J Nucl-OrgT in Fig. 3b . with larger difference in the lower latitude part of the domain, where T is higher. In the case, 215 when the effect of T on Nucl-Org is taken into account, the domain-wide average CN10 value 216 decreases from 4600 to 2200 #/cm 3 and Figure 6 shows that the simulated CN 10-100 averaged over 217 the nine forest sites (with locations marked on Fig. 5 , see Yu et al. (2015) for details) agrees 218 much better with that of observed. It can also be seem from Fig. 6 that CN 10-100 over the NA 219 forest sites is more sensitive to ΔH values than the global mean CN10 shown in Fig. 4 , and ΔH 220 of ~35 kcal mol -1 agrees best with the observations.
221
To further illustrate the difference and improvement for the cases with and without T- Figs. 7a & 7b) . The temperature correction (Eq. 4) has small effect in the spring (Figs. 7c, 7e , 234 and 7g) but significantly reduces nucleation rate and particle number concentration in summer 235 (Figs. 7d, 7e, and 7f ). J Nucl-Org scheme (Eq. 1) predicts strong nucleation events (Fig. 7d ) and 236 significant diurnal variations in CN 10-100 (Fig. 7h ) almost every day in the summer period that 12 obviously contradicts to observations (Fig. 7b) . The high nucleation rates in the summer based 238 on J Nucl-Org scheme can be easily explained by the much higher BioOxOrg concentrations as a 239 result of high VOC emissions and stronger photochemistry. Nevertheless, the high T in the 240 summer inhibits nucleation (Eq. 4) and the temperature correction factor substantially improves 241 the agreement of the simulated evolution of PSDs (Figs. 7b, 7d, 7f ) and CN 10-100 ( Fig. 7h) with important to reduce uncertainties in NPF calculation in regional and global climate models.
274
The study highlights the importance of including the temperature dependence of nucleation 
